Abstract: The acid corrosion inhibition process of mild steel in 1M of
Introduction
Corosion of carbon steels is a common and inevitable problem in industries. It can be defined in many ways, but as common term corrosion is defined as "an attack on metal contained material such as carbon steel by reaction with its environment" [1] . One of the most studied environments is acidic medium. Acidic solutions are substantially used in many industries processes such as acid descaling, acid pickling, industrial acid cleaning and oil well acidizing [1] . Hydrochloric acid is one of the most common types of corrosive acids used in the industrial operation. The aggressive condition often leads to corrosion.
Corrosion inhibitors are utilized to minimise the corrosive attack on metallic materials. Inhibitors are compounds that upon a small quantity of addition to corrosive medium, aid in reducing and controlling corrosion rate up to an acceptable level. Excellent organic inhibitors exhibit the property of having active functional groups. Organic inhibitors contain oxygen, nitrogen and/or sulphur atoms, heterocyclic compounds and electrons which they are adsorbed on the metallic surface forming a barrier and isolating the metal from corrosion [2] . Ionic liquids (ILs) are often described as salts with a melting point below 100 °C. ILs made up entirely of ions and offers promising features as such high chemical stability whereby they can withstand degradation in control phase. Good thermal stability, high ionic conductivity [3] and wide electrochemical potential properties to facilitate good electrical conductivity [4] . Due to its low vapour pressure properties, ILs emerges as potential green solvents to substitute those volatile organic solvents [5] . In recent years, ILs has been studied as potential corrosion inhibitor in acidic medium .Zhang et al have conducted a study on the behaviour of ILs, namely 1-butyl-3-methylimidazolium chloride for steel in acidic medium [6] and showed outstanding inhibition performance of the studied ILs for mild steel corrosion in acidic solution. Several imidazolium-based ILs have been reported to reduce the corrosion rate of mild steel in the acidic medium [7] . The presence of the aromatic group and availability of electronegative nitrogen in the molecules enable for such inhibition action. In the structure of the imidazolium bases, the atoms of the imidazolium ring and the -C=N-group can form a big π bond [8] . The electron of the imidazolium bases enters unoccupied orbitals of iron and π orbital can also accept the electrons of d orbitals of iron to form feedback bonds, resulting in high inhibition efficiency [9] .
Good"s buffers were developed by Good et al [10] , for use as biological buffers with high buffering capacity at the physiological pH range. Good"s buffers are non-toxic and widely used in biomedical processes. Tricine (N-(Tri(hydroxymethyl)methyl) glycine) has been tested in 0.5 M chloride solution. The result indicated that is an effective green corrosion inhibitor for zinc as corrosion inhibitor [11] . Nevertheless, the use of Good"s buffer ionic liquids as corrosion inhibitor is yet to be revealed in acidic medium with carbon steel. Aiming at this, two different Good"s Buffer ILs as corrosion inhibitor will be studied in 1.0M hydrochloric acid medium at 25°C.
Materials and Methods

Material Preparation
The sample selected for this study was steel API 5L X52 coupons with following composition (wt%): 0.08 C, 1.06 Mn, 0.26 Si, 0.019 P, 0.003 S, 0.0039 Al, 0.041 Nb, 0.018 Cs, 0.02 Cr, 0.019 Ni, 0.054 V, 0.003 Ti, 0.0002 Ca, 0.0003 B and the balance being Fe. Prior to all measurements, surface pre-treatment of mild steel was carried out by grinding and polishing to a mirror finish using 800, 1200 and 2400 grit emery paper and diamond paste [7] . Then, mild steel was immersed in ethanol, washed with double distilled water and finally dried before being weighed. The studied buffer, HEPES and TRICINE purchased from sigma Aldrich (98% wt). The attack solution (1 M HCl) was prepared by dilution of analytical grade 37% HCl in double distilled water. The buffer only solution concentration employed varied from 0.02M-0.08M for the ground work study and latter lowered to a range between 200 ppm to 1000 ppm for the synthesised ILs, [BMIM] [HEPES] as to study the inhibitor efficiency at lower concentration. The ionic liquids were synthesized in two steps. In the first step,1-butyl-3-methyl imidazolium hydroxide was synthesized in the solvent of ethanol. In the second step, anionic interchange of the hydroxide ion by Hepes was performed, following the general procedures described in the literature [12] .
Weight Loss Study.
Weight loss experiments were carried out in a 100-mL vessel placed in a constant temperature thermostat. Specimens with a dimension of 1.0 cm × 1.0 cm × 0.05 cm were immersed for a period of 24 h in 1 M HCl solution at (298 ± 1) K containing various concentrations of the studied inhibitor. The specimens were then removed, carefully degreased, washed in double distilled water and prepared for weighing according to the standard ASTM G1 (Standard Practice for Preparing, Cleaning, and Evaluation Corrosion Test Specimens). Triplicate experiments were performed in each case and the mean value of weight loss was used for calculations.
Electrochemical Analysis
A three-electrode cell consisting of carbon coupons as working electrode, a platinum sheet with 1cm 2 surface area as a counter electrode and standard calomel electrode as a reference electrode were used [13] . The experiment was carried out in a beaker containing the 100 ml of corrosive solution (1.0M HCl) connected to PC through the General Purpose Electrochemical System (GPES) software provided by AUTOLAB. Prior to all electrochemical measurement, stabilisation period of 30 minutes allowed which proved sufficient for open circuit potential (E ocp ) to attain a reliable stable value [8] . The scan rate was set at 10mV/minute. Tafel plot was obtained in the potential range of -300 mV to +300mV. EIS measurement was carried out in the frequency range of 100 KHz to 0.1 Hz with amplitude of 10 mV using alternating current (AC). All electrochemical tests have been performed in non-deaerated solutions under unstirred conditions. Each electrochemical measurement was repeated three times [14] under the same conditions and mean values of certain parameters, such as Tafel slopes, corrosion current density and charge transfer resistance recorded to ensure reliability.
Microstructure
The respective morphology of the carbon steel API 5L X52 after its exposure to 1.0 M HCl solutions in the absence and presence of various concentrations of inhibitors was studied by scanning electron microscopy (SEM). The SEM images were taken using the model of Zeiss Supra 55 VP.
Result and Discussion
Weight Loss Measurement
The weight loss of the carbon steel coupons in 1.0M HCl with the absence and presence of different concentrations of buffer only solutions (0.02-0.08M) were obtained after 24-hour immersion at 25 °C. The inhibition efficiency, (IE %) was calculated using following equation: (1) Where W correspond to the weight loss of carbon coupons in the absence of the inhibitors and Winh in the presence of the inhibitor. The result plotted in Table I is then compared with the weight loss for the synthesised buffer Ils in the concentration range between 200 ppm to 1000 ppm as shown in Table II . For consistency purposes all the concentration unit listed in ppm. The inhibition efficiency increases with the increase in the concentrations of the inhibitors [15] . These results in Table 1 indicated that the presence of buffer could only reduce the corrosion rate of carbon steel in the acidic medium up to 34%. Meanwhile in the presence of ILs, better inhibition is contributed and measures up to 85%. The large surface coverage, provided with increasing ILs inhibitor concentrations delays the hydrogen and metal dissolution directly by blocking the active sites available for corrosion [16] . From weight loss measurement, it is worth mentioning that the presence of cation and anion plays a significant role on the corrosion behaviour of ionic liquids towards the mild steel [3] .
Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopic (EIS) studies have further been conducted to investigate corrosion inhibition processes in terms of the resistive as well as capacitive behaviour at metal/solution interface. The effect of different concentration of the synthesised ILs studied through the impedance behaviour of the carbon steel in 1.0M HCl solution.
In the presence of ILs, the electrochemical impedance spectra (Nyquist plots) characterized by one semicircle, whose centre lies under the real axis as shown in Fig. 1a . The best fit equivalent circuit applied for fitting of the impedance data includes the polarization resistance Rct in parallel to the constant phase element (Cdl) connected with the solution resistance Rs [17] [HEPES] indicating that charge transfer process mainly controls the corrosion in this studied environment. The diameter of the capacitive loop in the presence of inhibitor is larger as compared to the uninhibited system and increases with the increase in concentration of the inhibitor [18] . Similar pattern is shown in Bode-modulus plot as in Fig.  1b . In the presence of ionic liquid inhibitor, the value of Rct have enhanced meanwhile the value of Cdl reduces as in Table III . The reduction in the Cdl value in the presence of inhibitor due to increase in the thickness of the electric double layer, suggesting water molecules are being replaced by ionic liquid molecules [19] . Blank  45  375  -200  245  184  82  400  302  119  85  600  319  107  86  800  388  78  88  1000  450  48  91 In this EIS measurement, inhibition efficiency (IE %) is calculated using charge transfer resistance as shown in (2) % 100
Where R inh t and Rt are the charge transfer resistance values with and without inhibitors for carbon steel in 1.0M HCl, respectively. It is clear from the data that inhibition efficiency (IE %) increases with increasing concentration of inhibitor [20] .
Besides, from the obtained Bode-phase angle plots as in Fig. 1c shows that maximum phase angle increases with increasing concentration of [BMIM] [HEPES] inhibitor. This signify the increase of capacitive response with IL concentration [12] . In other word, this can be related to adsorption of inhibitor molecules on the respective steel surface [21] .
Polarization Measurement
The inhibition efficiency of ionic liquid of [BMIM] [HEPES] on the corrosion behaviour of carbon steel in 1.0 M HCl was investigated using polarization curves. Fig. 2 represents the polarization curves for [BMIM] [HEPES] at 298 K. The polarization parameters such as; corrosion potential (Ecorr) and corrosion current density (Icorr), with the corresponding inhibition efficiency (IE %) were measured and listed as in Table  IV . The IE % was calculated as shown in (3 Blank  1130  420  -200  255  456  77  400  140  461  87  600  105  457  90  800  87  460  92  1000  77  469  93 From the data of Fig 3 and Table IV , it can be observed that the presence of ionic liquid has a great role in reducing corrosion of carbon steel in acidic environment. This can be concluded from the decreasing value of corrosion current density (Icorr) [22] . It is worth to mention that good inhibition efficiency is obtained even at lowest concentration (200 ppm). The inhibition efficiency increases with increase in ionic liquid inhibitor concentration indicating decrease in metal dissolution rate [12] , [23] .
The variation in inhibitor efficiency able to reflect a structural difference and thus producing corresponding change of interaction between mild steel surface and the respective inhibitor [24] . No definite trend was observed in the shifts of corrosion potential. The displacement in the corrosion potential (± less than 85mV) in relation to the blank solution might indicate a mixed-type inhibitor [25] . This indicates that addition of inhibitor reduces the metal dissolution at the anodic and retards hydrogen evolution at the cathodic. The reduction of corrosion products such as oxides in acidic medium allows better adsorption of the inhibitor and decreases the proton diffusion to the metal/solution interface [26] . Thus it can deduced that the results of inhibition efficiency (IE %) from weight loss measurement, electrochemical impedance and polarization measurement are in good agreement with one another.
Scanning Electron Microscopy
To confirm the formation of the films on the steel surface, the SEM technique was used to characterize the mild steel surface [27] . Fig 3, represents the morphology of the exposed bare steel in 1M HCl aqueous solution and in varying concentrations of buffer only solutions respectively. Fig 3a reveals the steel surface after a 24 h immersion in uninhibited 1 M HCl. Aggressive attack and damage with a great deal of deep cavities were found [23] . Fig 3b-d , present the images of the iron sheet covered by HEPES buffer film after immersion in different concentrations of buffer only solutions in acidic medium. However, under the same corrosion circumstances, the surface of film-modified steel sheet (Fig 3b-d) (Fig.4b-d) surface was remarkably improved. Inspection of the morphologies implied that the presence of the ILs solution films can efficiently protect the steel from corrosion. Moreover, the formation of self-assembled films at the surface of steel increases the interaction between ILs solutions with the steel surface, resulting in a decrease in the contact between the steel and the aggressive medium [28] This improvement in surface morphology indicates the formation of a good protective film on carbon steel surface which is responsible for inhibition even though applied in smaller concentration.
Adsorption Isotherm
The information on the interaction between the inhibitor molecules of ILs and carbon steel surfaces can be provided by adsorption isotherms. Inhibitor molecules undergo two types of adsorption with the metal surface. One of it will be physical adsorption (physisorption) [29] which results on the electrostatic attraction between inhibiting organic ion with the electrically charged metal surface. Charge sharing or charge transfer from adsorbates to the metal surface atoms to form a covalent type of bond are regarded as chemical adsorption (chemisorption) [4] .
The degree of surface coverage (Ө) for different concentration of the Ils inhibitors was evaluated from weight loss data [30] . Attempts were made to fit Ө values to various isotherms including Langmuir, Temkin and Freundlich. It was found that the data best fit was obtained through Langmuir isotherms as shown in Fig 5. The regression coefficient is almost unity [31] . 
Conclusion
All the measurements show that the imidazolium which acting as the cation and buffer as anion contributes to the adsorption respectively and aids in inhibiting corrosion in acidic medium. Therefore, it is worthwhile to consider the usage of ionic liquids as corrosion inhibitor especially in dynamic environments such as in steel pipeline solution flow.
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